Despite proven effectiveness and safety of vaccinations, immunization rates are decreasing across Europe, most countries having suboptimal vaccination coverage, leading to an increase in the number of cases of preventable contagious diseases. In recent years, the number of parents who have refused to vaccinate their children in Romania has decreased substantially, while the number of fatal complications due to measles outbreak is one of the highest in Europe. Since healthcare professionals have been identified as the main advocates for immunization, knowledge and attitudes of medical students and nurses is of particular interest. A cross-sectional survey was carried out on 278 participants, divided into three groups: 183 medical students, 54 nurses and 41 non-medical professionals. The questionnaire included questions on demographics of participants, personal experience with vaccines, knowledge and attitude toward vaccination. The data was collected, centralized and analyzed using statistical methods. The survey was given to the medical students at the beginning of the Immunology course and again at the end, to test whether information received influenced their responses. The study revealed that a great majority of participants were themselves vaccinated [N=262 (94%)] and had/or would vaccinate their children [N=247 (95%)]. Satisfactory overall knowledge about effectiveness and safety concerns was observed, with 98% (N=270) considering vaccines as useful and over 96% (N=276) correctly identified their usefulness. When asked about adverse effects, concerning numbers [N=32, (19%)] of medical students answered incorrectly. After the Immunology course, however, there was significant improvement in knowledge on this topic (P<0.001), correlating with a positive shift in attitude towards current and future vaccines. We predict that better knowledge about vaccines, their efficacy and safety would help build the health provider's confidence in recommending vaccination and thus increased coverage rates.
Introduction
The value of childhood vaccination as a public health intervention has been demonstrated in the past decades across European countries. In recent years however, despite numerous studies supporting safety and efficacy, a growing number of parents refuse to vaccinate their children. The recent measles outbreaks which continue to spread across Europe are a result of suboptimal vaccination coverage. The latest World Health Organization data on national vaccination coverage for the two doses of Measles, Mumps and Rubella (MMR) vaccine show that only four European countries reported at least a 95% vaccination rate (1) . The downward trend of vaccination coverage in Romania remains consistently low, putting at risk the very young and immune-compromised individuals. The situation is dire; currently the measles outbreak in Romania registered 64 deaths (2) . Possible reasons for this decreasing coverage include distortion by the anti-vaccination lobby about safety concerns, lack of perceived benefits, disbelief in the potential burden of vaccine-preventable disease and loss of trust in public health authorities (3) . Romania also had a problem in the past with erratic vaccine supply and high-risk groups of impoverished rural communities, mostly of Roma ethnicity, who systematically ignore healthcare measures, including vaccination (4) . With these considerations, fear of losing the accomplishments made in combating the morbidity and mortality of infectious disease through vaccines calls for action.
Studies have shown that knowledge provided by healthcare professionals plays a critical role in parents' attitudes toward vaccination (5, 6) . In Romania, despite physicians' recommendation to vaccinate, a great deal of misinformation by the anti-vaccination movement is causing parents to question the validity of timely immunization. However, we predict that better knowledge about vaccines would lead to a shift in positive attitudes and increased coverage rates. Our main goal was to explore the attitude of Romanian medical students, medical professionals (nurses) and non-medical individuals concerning vaccination. Secondarily, we wanted to assess whether knowledge on immunization received during the Immunology course at the 'Iuliu Hatieganu' University of Medicine and Pharmacy (Cluj-Napoca, Romania) influenced the medical students' responses to the questionnaire. The results in this study indicate the need of specific vaccinology training that would better equip healthcare providers to correctly inform the growing number of parents showing mistrust in health authorities.
Materials and methods
Participants and procedures. A descriptive, explorative cross-sectional study was conducted during October 2017-June 2018 in Cluj-Napoca, Romania. The participants were divided into three groups: medical students attending the 'Iuliu Hatieganu' University of Medicine and Pharmacy, medical staff (nurses) from the Internal Medicine department of 'Professor Doctor Octavian Fodor' Regional Institute of Gastroenterology and Hepatology Cluj-Napoca, and randomly selected non-medical individuals.
The questionnaire was given to the students on the first day of the Immunology course and again on the last day of the course, to nurses and non-medical individuals in the same time period. All responses were anonymous. Informed consent was obtained in writing during the introductory portion of the survey. The study protocol was approved by the Ethics Committee of the 'Iuliu Hatieganu' University of Medicine and Pharmacy Cluj-Napoca.
Study instrument and measures. The study instrument was a questionnaire constructed after conducting a brief literature review. The questionnaire was verified by a panel of Allergy and Immunology specialists for content validity and clarity before reaching the final version. The questionnaire was made up of twenty questions, further divided into four sections:
Demographic information. The participants were asked to report their age, sex, geographic location, education level and occupation.
Personal experience with vaccines. Participants were asked whether they and their children were vaccinated and which vaccination schedule was used (the national schedule, additional optional vaccines, or only partial vaccination).
Immunization knowledge. The questions tested the participant's empirical knowledge about vaccines as well as misconceptions about potential safety concerns.
Attitudes toward vaccination. This last section focused on attitude and the reassurance the participant feels when considering both the traditional as well as the more recently introduced vaccines.
Statistical analysis. Descriptive statistics were used to summarize the variables tested. Pearson's coefficients along with two-tailed significance tests and Spearman's Rho were performed to examine various correlations and differences among the groups. All analysis was performed using the IBM SPSS Statistic software for statistical analysis and P<0.05 was considered statistically significant, while the α level was set at 2.5% for the two-tailed tests.
Results
Demographic information. A total number of 278 participants completed the survey, including 183 medical students, 54 medical staff, 41 non-medical professionals. Table I Personal experience with vaccines. Participants' personal decisions to be vaccinated and have their children vaccinated were evaluated. Results are presented in Table II . Majority of individuals were themselves vaccinated using the National Vaccination program 79% (N=220) and another 15% (N=42) were immunized with supplemental vaccines, for a total of 94% of participants fully vaccinated. Similarly, when asked if they had or will vaccinate their children, 66% (N=174) would choose the national vaccination program schedule and an additional 28% (N=73) would give supplemental vaccines, for a total of 94% who personally did or would choose to vaccinate their children. Table III show that a great majority [N=180 (98%)] of participants consider immunization as useful. When asked in what way vaccines are useful, 57% (N=101) of the students and 72% (N=38) of the nurses identified prevention of infectious disease as the only utility of vaccines. The two other options were prevention and or treatment of cancer and that of allergic disease. Only 18% (N=32) of medical students, 13% (N=7) of medical staff and 23% (N=9) of non-medical individuals identified the benefit of vaccination to include prevention of infectious diseases, allergy and neoplastic disorders, accounting for a total of 17% (N=48) of the participants to correctly pinpoint the roles of vaccinations. The analyzed data indicates that nurses are more knowledgeable of correct information regarding adverse effects (questions K3-K5) of vaccines when compared to medical students before the course (average of correct responses 91 vs. 83%, respectively). Among medical students, 19% (N=32) claimed before the course that adverse effects of vaccines are greater than the risks of not vaccinating and 12% (N=19) considered that adverse effects are greater in number than vaccine benefits. After the course however, students scored higher on the adverse reaction questions, demonstrating statistical significance (P<0.01, two-tailed test and Spearman's rho, N=175, α level=0.025) when compared to their initial responses (Table IV) . Questions 3 and 4, about adverse effects demonstrated the greatest amount of increase in correct answers (12 and 13%, respectively) after the completion of the Immunology course. The proportion of students who considered infectious diseases to be prevented by vaccination also showed a statistical increase (P=0.025, two-tailed test and Spearman's rho, N=175, α level=0.025) from 57% before the course to 62% after the course. Non-medical profession participants had the lowest scores of the three groups questioned on vaccine understanding, especially for the questions pertaining to adverse reactions. Pearson's correlation tests did not find significant differences between correct answers and educational level of respondents.
Immunization knowledge. Participants had a satisfactory overall knowledge about vaccines (effectiveness and safety concerns). Results reported in
When comparing students' responses before the Immunology course and after the course (Table IV) , we observed a 7% increase in number of students who would use new vaccines for themselves and for their children. Also, when asked what they would vaccinate themselves for, 18% more answered for both cancer and allergic disease after the course. Table V , the greatest majority of participants [N=246 (91%)] across the groups confirmed their trust in the vaccination process. When asked however, if they would use newly available vaccines for themselves or their children, less than half answered positively (average of 41% across the groups). Faced with the possibility of being immunized before traveling to a high-risk endemic area, 97% of all participants said they would get vaccinated. Participants would get vaccinated either to prevent cancer, allergic disease or both (24, 19 and 28%).
Attitudes toward vaccination. As presented in

Discussion
Overall, the participants in our study showed positive attitudes toward vaccination. The fact that a great majority were themselves fully vaccinated and would choose to vaccinate their children indirectly indicates trust in the current immunization process. This positive attitude toward vaccination however, does not translate over to confidence for newer available vaccines. Vaccine hesitancy, as defined by WHO Strategic Advisory Group of Experts (SAGE) of immunization, refers to delay in acceptance or refusal of vaccines despite the availability of vaccination services (7) and was observed in our study as well, specifically when referring to novel vaccines. Only when the risks of not being vaccinated are greater, as in going to an endemic area, were most participants open to receiving additional vaccines. Vaccine-hesitant individuals may refuse some vaccines, but not others, delay vaccination or accept vaccination although doubtful about the practice (7) . With the anti-vaccination propaganda infiltrating all social classes and ethnicities in Romania, vaccine hesitant individuals are a very heterogeneous group. Determinants of vaccine hesitancy as identified by SAGE Working group included concerns regarding vaccine safety due to proven adverse events after vaccination or generated by misconceptions conveyed in media, but also religious beliefs, lack of knowledge, including among health professionals, introduction of new vaccines, and mode of vaccine delivery (7) . The present study recognized three of the mentioned determinants (vaccine safety, lack of knowledge, and new vaccines) which potentially reflect key factors causing the decline of vaccine coverage in Romania. As expected, medical students and nurses scored higher on the vaccine knowledge questions when compared to the non-medical individuals. However, our study demonstrated a lack of knowledge about adverse effects of vaccines. A significant number of students considered incorrectly that the adverse effects of vaccines are greater than those generated by not vaccinating and more numerous than the benefits of immunization. A significantly higher percentage of nurses compared to students were able to correctly answer questions on adverse effects, indicating that practicing medicine exposes one to correct information on this topic. As identified in other studies (7, 8) we also recognized misinformation about safety concerns and lack of correct information as leading causes of vaccine hesitancy. Ironically, many individuals, including medical providers, have never witnessed the devastating disease prevented by current vaccines, and are therefore more likely to question their necessity, effectiveness and rather highlight their possible adverse effects. Studies show that health care professionals are the most trusted source of information and have the greatest amount of positive influence regarding vaccination (9) (10) (11) (12) (13) . In this study, medical students who we consider future physicians and nurses accounted for the healthcare providers who could potentially influence an individual's decision whether or not to vaccinate themselves or their children. In order to effectively influence others, the healthcare professionals themselves must be well equipped with appropriate information. In a study concerning primary care professionals involved in administering childhood vaccines in Barcelona, almost one third of responders felt they did not have sufficient information and training to adequately answer questions vaccine-hesitant parents may have (14) . Knowledge about particular vaccines, their efficacy, normal immunological responses and safety would help build the health provider's confidence when recommending vaccination (11, (14) (15) (16) (17) (18) .
Administering the questionnaire before and after the Immunology course allowed us to demonstrate that training health care professionals increases not only knowledge but also attitudes toward vaccination. Student's scores on the vaccine knowledge questions about effectiveness of vaccines and potential adverse effects increased, demonstrating a better understanding after the course. Remarkably, their (6) willingness to use newly available vaccines in the future also increased, indicating added confidence in vaccines supported by a good understanding of the mechanisms behind them. It is our belief that medical education curricula in Romania, as well as that of all European countries should be revised to include additional training in vaccinology, to better prepare future physicians with accurate knowledge on the topic of immunization. The Summit of Independent European Vaccination Experts (SIEVE) have come up with possible strategies to improve vaccination coverage, targeting not only health care professionals but also the general public (15) . Despite the fact that media has had undesirable effects in this context by indirectly supporting the anti-vaccination propaganda, a strong relationship between medical experts and journalists could use media to promote vaccination and inform the public (15, 17) . The public must receive accurate, reliable, and positive information on the benefits of vaccines and minimal risks associated with their use (10, 15) . Healthcare providers need prompt access to appropriate, up-to-date material. One successful initiative is INFO-VAC, which is an interactive information system on vaccines for general practitioners and pediatricians in Switzerland (15, 19) . Because parental concerns are varied and parent-physician interaction is limited, lack of adequate time to communicate appropriately could also be an impediment worth considering (15, 20) . Centralized databases would benefit both the healthcare providers and parents with scheduled reminders in order to increase vaccination uptake (15) . Vaccination opportunities should extend past the traditional environment for immunization, giving patients the occasion to be vaccinated in hospitals, in out-patient clinics, and even during home visits (15) . The suggested strategies to improve vaccine coverage are great approaches for epidemiological professionals responsible for vaccination in all European countries to consider.
Our results must be interpreted in the context of methodological limitations. First, the majority of our participants were medical students and nurses and thus we cannot extrapolate the data to represent the majority of Romanian population. Secondly, vaccination coverage in this study is much higher than the official percentage according to the Romanian National Institute of Public Health, which states that Romania is still more than 10% under the minimum coverage rate (2) . Thirdly, medical students, not medical doctors, were surveyed which could inappropriately portray a lack of knowledge about vaccines within the medical community.
In conclusion, the present study revealed a generally positive attitude of Romanian medical students, nurses and non-medical participants towards vaccination. Considering the growing trend of vaccine hesitancy in all European countries, and especially in Romania, this study established the education of medical students and subsequently of other medical professionals as an important contribution in the struggle to increase vaccination coverage. By introducing Immunology courses that cover the subject of vaccines, gaps in knowledge will be thoroughly covered, attitudes will be positively influenced and confidence alongside willingness to promote vaccinations will greatly increase. Additionally, the strategies suggested by SIEVE will further spread vaccination uptake and maintenance of coverage. The answers used on the initial evaluation at the beginning of the Immunology course are recorded here.
